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ABSTRACT 
The Greenland Sandstone Member of the Winslow (Penn-
sylvanian) Formation is well exposed in the Boston Moun-
tains of northwestern Arkansas. Paleocurrent measurements 
in eastern·Madison County, Arkansas show that the source 
area during the time of deposition of the Greenland Sand-
stone was to the north. Because the Greenland Sandstone 
is a shallow water marine sand, paleocurrent directions 
alone are not conclusive. Quartz pebbles present in the 
Greenland Sandstone are used to help delineate the source 
direction. On the basis of quartz pebbles and paleocur- ·· 
rents, a definite link between the Eastern Interior Basin 
.and the Boston Mountain area is indicated. Proof of source 
direction from the north adds strength to the argument 
th~t the name Winslow Formation should be retained as ori-
ginally described insteaq. of the name Atoka. ·as proposed by 
some. 
INTRODUCTION 
The . Winslow Formation of northwestern Arkansas has 
not been studied in detail because it is a unit of alter-
·nating sands and shales without any apparent lateral con-
tinuity. The basal and only named member of the Winslow 
Formation, the Greenland Sandstone, is the object of this 
study. The relation of the sandstone to the underlying 
and overlying units, weathering features, lithology, min-
eralogy, paleontology, and sedimentary ~tructures are im-
portant in this study to help determine the source direc-
tion and environment of deposition of the Greenland Sand-
stone. 
The Greenland Sandstone has well-preserved primary 
sedimentary structures such as .planar cross-bedding, asym-
metrical ripple marks, overturned cross-bedding, and flute 
casts that.indicate source directions. Mineralogy of the 
Greenland Sandstone is used to help delineate the probable 
source direction. Size analysis shows lateral differences 
in grain size. 
Cross-bedding and asymmetrical ripple marks were mea-
sured to determine the direction of currents during the 
time of deposition of the Greenland Sandstone. The results 
of the measurements show the average cross-bedding current 
direction to be 186° a~d the average current direction~ as · 
indicated by the asymmetrical ripple marks, to ·be 170°·. 
Potter and Siever (1956), working with the lower Pennsyl-
vanian sediments of the Eastern Interior Basin, · showed 
2 
I I . 
that currents were from the nortbeast and north. The 
·Boston Mountain area lies to the .southwest of the Eastern. 
. I ' . 
Interior Basin. On the basis of continuity of paleocur-
' ' . 
~ent directions, mineralogy, similarity of environments 
' , of deposition, and similarity of types of sediments, it 
, '\ ; I . . . I 
1s thought that the Boston Mountain area and the Eastern 
Interior Basin were continous during the time of the depo-
sition of the Greenland Sandstone, The present Ozark Up- '. 
lift area, located between the Boston Mountain area and the 
Eastern Interior Basin, was probably buried under earlier 
sediments. 
I 
Results of paleocurrent measurements strengthen the 
.conclusion that the Winslow Formation should not be correla-
ted with the Atoka Formation, as proposed by some (Croneis, 
1930). · It should be noted that the foundation of the con-
clusion lies in the proof of the younger age ·of the Winslow 
., Form~tion, determined by goniati tes found in 1 t to the west 
(McCaleb, 1961), Correlation of.the Winslow Formation with 
beds of the Eastern Interior .Basin is made on the basis of 
quartz pebbles, which are entirely lacking in the Atoka ,-. 
Formation of the Ouachita Mountains, 
Location and Tectonic Structures 
The area of study is located in Madison County, Ar-
kansas1in the Boston Mountain -area. The area of study 
·covers 416 square miles, including all or parts of Town-
ships 14, 15, 16, and 17 North, Ranges 23, 24, 25, and 26 
West (Fig, 1). Approximately one-half of the bedrock ex-
posures are the Winslow Formation. The area is drained .by 
I 
4 
Kings River and War Eagle Creek, both of which flow t9 the 
north. Felkins Creek and Wharton Creek are the major trib-
utaries of Kings River and War Eagle Creek. Streams iex-
hibit a dendritic pattern and a steep grad~ent, are peren-
.nial, ,and are normally clear. Relief is moderate to rugged, 
the maximun .beingabout .1100 :feet~ The . northern half of the 
area has an average relief of about 200 feet and the south-
ern half has as much as 600 feet. 
Access is by Arkansas Highways 68, 74, and 23, Other 
minor highways in the area are Arkansas Highways 16, 21, and 
127, Most state highways are paved with low-type asphalt. 
The remainder of the .roads are rough and poorly maintained 
gravel roads~ Most stream crossings are low water bridges 
' and fords, making travel difficult after periods of heavy 
rain. 
The major structural feature in northern Arkansas is 
the Boston Mountain homocline (Quinn, .1959), The structure 
is a definite part of the Ozark Dome, the center of which 
is located in the St, Francois Mountains in southeastern 
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Fig 1, Location of area of study, Madison 
County, Arkansas. 
5 
Missouri. The Winslow Formation sediments are the youngest 
affected by the homocline. They generally dip south at half 
a degree but dip up to three degrees in places, The.under-· 
.lying older Morrowan sediments have a more uniform regional 
dip of around one degree to the south, The variation of the 
regional dip in the Winslow rocks is because of the nature 
of sedimentation. Winslow sediments were introduced from a 
north_erly direction and were deposited into the Arkansas 
Valley Basin as giant "foreset" beds (Quinn, 1959), 
6 
No attempt was made to map tectonic structures. No 
small scale postdepositiona3:- structures such as faults or 
minor folds were observed. The distan·ce between outcrop 
·localities make it difficult to attempt any correlation be-
tween outcrops. Vertical control was not needed for the 
study. · ··In pl'aces throughout the area some large-scale 
structures were seen such as the low dipping limbs of the· 
northeast-southwest trending anticlines, East of the junc-
tion of Kings River and Felkins ·creek, one can see a dipping 
limb of an anticline.with a difference in elevation of about 
50 feet. In .general, these anticlines and corresponding 
synclines are low amplitude and difficult .. to recognize un-
less detail mapping of the elevation of ·key beds is done. 
Local structures include an east-west . trending arch and · .·i; ·· -
northeast trending folds (MacEntire, 1964). -Small scale 
structures includ~ a :rew small gravity faults and collapse 
structures (Gilley, 1966)~ 
Mapping of Greenland Sandstone 
Purdue and Miser (1916) mapped all or parts of Town-
ship 16 and 17 North, Ranges 23, 24, 25, and 26 West, This 
·mapping was done in 1916 and is considered accurate enough 
for purposes of this study, MacEntire (1964) mapped along 
Highway 23 south of Huntsville. Gilley (1966) mapped in 
detail T. 16 N,; R, 24 w. and Saunders (1967) mapped T, 16 
N., R. 25 w. Both these area are included in the 1916 sur-
vey. Information as to the location of outcrops of Green-
land was obtained from these maps. The rest of the area, 
including all or parts of To*nships 14 and 1.5 North, Ranges 
23, 24, 25, and 26 West, have never been mapped geological-
·ly in detail :- and was mapped during this study to show the 
outcrop pattern of the Greenland Sandstone (Plate 1). 
Mapping of the areas lacking geologic maps was done on 
aerial photographs made in late October, 1965 by the u,s,· 
Department of Agriculture.- Field data from the aerial 
photographs were transfered to a base map, the Madison 
County highway map. . In many places the Greenland Sandstone 
is very resistant to weathering and forms a vertical bluff, 
·This type of exposure generally shows up very well on the 
aerial photographs and _proved· useful in·locating accurate-
ly the position of the Greenland, 
7 
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WINSLOW FORMATION 
The first geologic work on the Paleozoic rocks of 
northwest Arkansas was done by Owen in 18.58, He named 
· .- the thick sandy, shaly unit that overlies the Bloyd For-
mation the· "Millstone Grit Series", thin~ing that they 
were the same age as those 1n Europe that have the same 
name. Simonds {1891) described the same unit and re-
tained the name Millstone Grit but called it a formation 
. . 
instead of a series. Adams and Ulrich (1904) changed the 
name .to Winslow Formation, naming it after the town of 
Winslow, Washington County, Arkansas, where the unit is 
well exposed, 
' Croneis {1930) said that the name Winslow should be 
dropped in favor of the earlier established name At9ka, 
. 
The .Atoka Formation was named by Taff and ·Adams (1900) 
. 9 
for typical exposures around the town of Atoka in south- · 
eastern Oklahoma. Croneis believed that if both .units 
rest on rocks that contain a Morrowan fauna and both units 
are overlain by the Hartshorne Formation, they should have 
the same ~arne; and Atoka was first used to name units that 
fit this ~escription, therefore it should be the name re-
tained. Croneis also pelieved that ·the . Winslow of the 
Boston Mountain region continues into . the Atoka of the 
Arkansas Valley. 
Suggesting that the name Winslow was a valid name, 
· Miller and Downs ( 1948) said: 
" ••• , in the opinion of some geologists, 
it may have been a mistake to abandon 
this term [Winslow], because the beds at 
Winslow, though named later than the Atoka 
Formation, are not involved in a compli-
cated structure and can be fitted with 
more ·certainity into the unparalled sec- . 
tion from the Ozark uplift ·to central Kan-
sas by way of· 4,.rkansas. 11 
10 
Investigations , by McCaleb ( 1961) furnished good evi- . 
dence on the basis of paleontology and mineralogy that the 
name Winslow is valid and should be reestablished, He -saids 
. I 
"1. Paleontological data collected from 
the Winslow Formation indicates it is 
younger than the underlying Bloyd Forma~ 
· t1on and older than the Atoka Formation. 
2. The Winslow and Atoka Formation can be 
differentiated on the basis of lithology, 
the Winslow is a pure quartz sandstone, 
whereas the Atoka is subgreywacke • 
.3. The Winslow and·; Atoka sediments were 
derived from different sources, . The Atoka 
sediments were probably from the south, 
whereas ;the Winslow sediments were derived 
from the north or northeast. 11 
As a . result of .studying an. assembledge of goniatite 
cephal9pods, . Quinn (1962) reached a · similar conclusion and 
l ( 
stateda 
11If the synonymy ~is recognized, it becomes 
necessary to coin the term 'Boston Mountain 
Atoka' to distinguish the section. It 
seems preferable to retain the old name 
rather than to employ a new one, which is 
precisly .. the outcome of rec·ogniyion of the 
synonmy. 0 _ · · 
Hea,vy mineral studies have· been made on the sands of 
the southern Boston Mountains and th'e Forche Mountains of 
of the Ouachitas by Weigel (1958) and Mosely (1962). 
Weigel found a metamorphic suite of minerals in the south-
ern mountains and no equivalent minerals from the Boston 
·Mountain sands. This would suggest a source for .. ·the Bos-
ton Mountain,'sands from some direction other than south. 
?1osely I s study of heavy minerals revealed a predominance 
. of plagioclase feldspars in the basal unit [Greenland] 
11 
and a greater amount of potash feldspars in the upper unit. 
In support of the idea that the Winslow source area 
was to the north, Quinn (1959), who now uses the name Wins-
low, . said: 
"During Atoka time in the western embayment, 
sediments introduced from a northerly direc-
tion were deposited and built ·out into the 
Arkansas Valley Basin as giant 'foreset' beds, 
This is shown by the fact that the 'average' 
dip of Atoka strata along the Boston Mountain 
front is considerably· greater than the dip of 
the underlying Morrowan which is approximately 
one-half degree. Also the Atokan sands have 
developed extensive penecontemporaneous slump 
structures on a large scale which does not 
appear possible on surfaces of less than one 
degree dip. 11 ·' 
The present study confirms that the source of the Green-
land Sandstone at the base of the Winslow was indeed to the 
north •. The .average current direction during this time was 
186° as indicated by Pta~r type cross~bedding. Measurements 
I ' ' 
of asymmetrical ripple marks indicates an average current 
direction of 170°. In view of these findings, the name Win-
low will be used· when referring to. the units above the Bloyd 
Formation, Briggs (1963), studying paleocurrents in the 
12 
Arkoma Basin in southeastern Oklahoma, demonstrated that 
·the average current direction.of paleocurrents of what he 
calls Atoka Formation is 182°. This direction is con-
.sistent to the Choctaw fault, wher~ there is a sharp change 
in direction··to.the east, 1 •• Perha~s'this is an indication 
that the southern extent of the Winslow Formation is in 
this region, 
13 
UNITS UNDERLYING THE GREENLAND SANDSTONE 
The Greenland Sandstone rests with unconformity on the 
earliest Morrowan formations, the Hale and the Bloyd Forma-
tions (Fig •. 2). The Hale Formation consists of two members, 
the Cane Hill at the Base, and the Prairie Grove at the top, 
The Bloyd Formation consists of five members, the Brentwood 
. ' 
Limestone Member at the base, the Woolsey :Member, the Dye 
Shale Member, the Kessler Limestone Member, and the Trace 
Creek Shale Member. The Bloyd also contains the Gaither 
Mount~\n "horizon", a limestone pebble conglomerate that has 
not yet been fully described.. Because _fossils are often 
lacking, lithology of the underlying units must be used to 
determine the unit the Greenland rests on. Lithologic des-
j 
criptions of the Hale and Bloyd Formations f Q_llow. 
Hale Formation 
The Hale Formation, of earliest Morrowan age, is divis-
ible into two mappable units, the lower named the Cane Hill 
Member, and the upper named the Prairie Grove Member, The 
~' ~ 
following infor$ation was obtained by Henbest (1953) except 
as.noted • 
. Cane Hill Member 
The Cane Hill Member is a silty to fine-grained sand-
stone. 'Thickness rangei from zero to 65 feet. Locally the 
unit is calcareous . 01:. consist·s · of shaly siltstone alternat~ :· 
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Fig. ·2. Generalized Late Paleozoic strat'igraph1c column, 
northweste:i;n Arkansas •. 
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marks and cross-bedding are common. Fresh surface color is 
dark grey to black, but the unit weathers to a medium gray 
to bro~m. The base of the unit contains lenticular bodies 
·or limestone conglomerate composed of rounded cobbles or 
boulders from the underlying Pitkin Limestone of Mississip~ 
pian age. This conglomerate represents locally derived 
sediments. Saunders (1967) said the thickness of the Cane 
Hill ranges from 80 to 195 feet thick in the Wharton Creek 
area. The basal conglomerate contains broken and incom-
plete ironstone· concretions from -the Fayettevill'e Forma-
tion which underlies the Pitkin Formation. Saunders (1967) 
rep~rted one rounded quartz pebble one inch in diameter col-
·1ected from the basal conglomerate. This may be an indi-
cation that the Eastern Interior Basin had become a source 
area for the sediments of northwest Arkansas as will be 
described l.ater. 
Prairie Grove Member 
The Prairie Grove Member of the Hale Formation is lar-
gley a calcareous, fine- to medium-grained sandstone. Thick-
ness of the unit ranges from 60 to 200 feet. Cross-bedding 
and burrows which weather to a honey-comb type structure 
. . 
are the most common characteristics of the Prairie Grove, 
The upper part of the member may contain fossiliferous, .cri-
noidal limestone. A thin zone of cherty nodules has· been 
reported from the upper part on Kessler and .Bloyd Mountains 
_·(°H'enbest, 1953) ,· This chert may have been derived from the 
16 
Ozark Dome to the north where abundant cherts crop out. 
°The color of the unit ranges from tan to reddish brown on 
the sandstone surfaces and is light gray on the relatively 
pure limestone surfaces. Saunders (1967) reported liese-
gang structures prominent on many of the sandstone surfaces. 
11any of the sandstone lenses in the Prairie Grove are up 
. to JO~ feet thick and forms small, discontinou~ bluffs. 
Bloyd Formation 
The Bloyd Formation consists of the Brentwood Limestone 
Member, the Gaither Mountain "horizon 12 , the Woolsey Member, 
the Dye Shale Member, the Kessler Limestone Member, and the 
Trace Creek Shale Member. The Bloyd Formation was assigned 
to the Morrow Group by Purdue (1907). 
Brentwood Limestone Member 
The lithology of the Brentwood Limestone is varied but 
it consists mainly of alternating layers of mo·re or less 
cross-bedded, lenticular, or une'?'en-bedded limestone and 
·1ayers of shale, Some limestone beds are sandy and often _ 
are cut into an underlying shale, The base of the Brent-
. wood is separated from the underly;ng Pr~iri.e Grove ·Member 
by a dark, slightly fissile shale 18 inches thick, The top 
of the Brentwood is a disconformity with the terrestial sed-
iments of the Woolsey resting on the Brentwood. 
17 
Gaither Mountain "horizon11 
The Greenland Sandstone, in the area of study, is gen-
erally found on what appears to be the not yet_ formally re-
. Ci..:>gnized Gaither Mountain 11horizon11 • At present William Mc-
Moran of the University of Arkansas is in the process of 
describing this· horizon in the vicinity of Harrison, Arkan-
sas. McMoran visited several localities in this study area 
and commented on the remarkable lithological similarity with 
the Gaither Mountain "hor1zon11 near Harrison, ArkansA.s. A 
thor~ugh search failed to turn up the characteristi c gonia-
tie fossil of the unit, the Gaitherites solidum (Quinn, per-
sonal communication)/.· Yet on the basis of lithology, its · 
·position above the Brentwood Limestone, and the presence of 
o· 
the goniatites Branneroceras and Syngastrioceras and the 
·gastropod Pharkidonotus found there, leads the author to be- · 
lieve that this · is the equivalent of the Gaither Mountain 
"horizon" in this area. 
The limestone conglomerate below the base of the Green-
land is a dense, medium gray, fossi.liferous, conglomeratic 
limestone • . It contains well-rounded limestone fragments, 
; . 
claystone, siltstone, and sandstone .pebbles, many up to 4 
inches in diameter. Most of the fossils are crinoid stem 
segments, colonial and solitary corals, blastoids, brach1~·-
pods, and gastropods which show evidence of rounding, in-
dicating that they were subjected to abrasion only long 
enough.to"round them and not to destroy them. The pebbles 
, . ' 
ar~ in a fossiliferous, silty, sandy, limestone-cemented 
matrix. Thickness range·~; from 2 to 4 feet. 
18 
Fossils of this unit, according to Saunders (1967), 
include the goniatites Gaitherites solidum, !g:anneroceras 
branneri, Syngastrioceras morrowense, Bisatoceras .secundum, 
: Proshumardi tes sp., Pronori tes sp., and the gastropod Phar~ ·· 
kidon6tus sp. 
Absent members 
The remainder of the members of the Bloyd Formation are 
not known to crop out in the ·area of study. They were prob-
ably eroded after their deposition in this area., As they 
l 
may be present Jin n,earby areas, a brief description is in-
cluded. The Woolsey member ·contains terrestrial strata up 
. to 45 ·feet thick, composed of limestone conglome-rates, silt-
stones, and sandstones,· The Dye Shale ~ember varies from a 
conglomeratic, c~lcareous marine sandstone to a dark colored 
siltstone and shale. Thi~kness ranges from 60 to 110 feet, 
In this interval is _the 0 caprQck of the Baldwin Coal" (Quinn, 
personal communication). The "caprock" is the first bed in ) . . 
• i 
which quartz pebbles are :!found in any abundance. 
The Kessler Limestone above the Dye Shale is an oolitic, 
light col~red limestone with many "algaloid" nodules in the 
upper · part, · giving i~ the appearance of a coarse conglomer-
ate. The Trace ·creek Shale Member, named by Henbest (1962), 
is basically a dark-gray to black marine shale, with sandy 
calcareous zones and a few thin ·limestone beds. Thickness 
is as much as 12.5 fe.et but averages 60-70 feet. Hen best 
(1962) said that .the Trace Creek is gradational with the 
underlying Kessler Limestone and .. may inte~finger with the 
overlying Winslow Formation. 
GEOLOGY OF THE GREENLAND SANDSTONE 
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The Greenland Sandstone is the most resistant unit in 
the area and forms a prominent cap rock on the outliers of 
the Boston Mountain. The outliers ·of Greenland stand·on the 
platform of the Springfield .plateau (Henbest, 1953) which is 
underlain by the resistant chert of the Boone (Mississippian) 
Formation~ The Greenland Sandstone Member of the W:tns Jow 
Fomat~on (Fig. i) was fir~t named by Hen best ( 1953). It was 
named for characteristic exposures near the t ·own of Green-
land, Washington County, Arkansas,1 and is well exposed in 
Madison, Washington, .and Newton counties, Arkansas. Future 
investigations will probably reveal that the .Greenland has a 
greater areal extent, especially to the east. The ·Green-
land forms a bench that can 'J;)e traced for considerable dis-
· (. 
tances. The pers1stance of the Greenland makes it useful as . i 
a stratigraphic marker. It ·is easily· recognized on aerial 
photographs. Mapping of the base of the Winslow can be easi-
ly done by observing the outcrops of the Greenland. Where 
.the Greenland is not well exposed, its position is usually 
well marked by a distinct break in slope. 
The Greenland was.described by Henbest (1953) as a 
lfsilty ripple-marked, flaggy sandstone with shaly partings. 11 
~ . . . 
He described local marine quartz-gravel conglomerates lying 
at the base of the unit or 1nterf1ngeringw1th the sands at 
higher levels, In the area of study, the Greenland is a 
· light to medium yellow-tan, very fine- to medium-grained, 
cross-bedded, ripple-marked, _ quartzose sandstone with a 
quartz cement and some interstitial limonite, The Green-
land, in ~ost outcrops, contains quartz-pebble conglomer-
ates, with pebbles up to .36 mm long, The beds are almost. 
devoid of invertebrate fossils but aboundwith·fossil 
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plant fragments, the majority of them being unrecognizable, 
The most abundant cement in the Greenland is quartz. 
Calcareous portions.of the Greenland were not· found in "the 
area of· study, In some places, the cementation by quartz 
' l I . 
is so complete that·the rock "fractures across the grains 
instead of around.i the grains. In most localities, the 
quartz·cementation is.only enough to make the Greenland 
very resistant to weathering and erosion. 
Almost every outcrop of Greenland shows cross-bedding . 
of the planar type (McKee and Weir, 19.5.3), Ripple marks 
and some flute casts are present, Quartz pebbles occur 
from the _base of the _unit to the top, In some outcrops 
quartz pebbl~s are abundant and· in others, completely ab-
sent. It is thought that the presence· of quartz pebbles 
may indicate areas or' stronger·currents, -possibly areas of 
channels, · 
Weathering of the Greenland Sandstone 
The Greenland Sandstone on fresh surfaces is light to 
medium yellow-tan in color. · The Greenland has a small a-
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·mount of interstitial limonite which is concentrated on 
weathered surfaces to produ~e a thin zone of dark-colored, 
case-hardened sandstone, In some places where the sand-
stone is not directly exposed to the elements, such as un-
der an .overhang of the bluff, the iron stain takes on the 
appearance of specular hematite. In most places the sur-
face color of the Greenland is a speckled r~dd1sh-brown gray 
to medium gray-black. Lichen often gives the exposure a 
mottled apperarace, . 
Differential weathering of the Greenland reveals the 
bedding and cross-bedding and other sedimentary structures 
of the Greenland, The differences in rates of weathering 
are generally very small, with only a bout O. 5 inch aver- ·· 
age . of relief developed, ·c,Eraientation in the coarser por-
tions of the sandstone makes these areas stand out, In 
some places, the Greenland takes on a massive appearance 
and "pock mark 0 weathering ·;t~;ite.s · place (Fig~ .J). "Pock 
mark" .weathering is differential weathering of the Green-
land which produce·s a deep ·Po.~ket · 111 th a thin ·wall of sand-
., I , ' 
st9ne separating one pocket of weathering from others, This 
I , , 
must be due to weathering beginning a1; a point .and spreading . 
out from there, 
Fig, 3, Exposure of Greenland Sandstone show-
ing "pock mark" weathering. Outcrop 138, 
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Cliff Overhangs 
Slightly faster weathering of the underlying units 
often produce an overhang of the Greenland, When an 
overhang becomes too great to be self supporting, the 
overhang breares off, falling down the hill side, Many 
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of the fallen boulders are ·as large as an average house. 
Cliff overhangs are important because they expose the third 
dimension of the outcrop and expose the underlying units 
·that would normally be covered _with weathered material, 
Exposure of· the- .third demlnSlon is important:· 'in that 1 t 
allows the true strike and_ dip of the cross-bedding fore-
set beds to be measured, 
As a result of differential weathering, undercuts 
have developed in the underlying layers, causing overhangs 
of the Greenland (F1g,4), These undercuts are in some 
places JOO feet above the present day stream level. Quinn 
(personal communication) said that the valleys now have 
their maximum1-alluvia.I fi~l. Ther~fore the undercuts can-
not be due to stream action. Quinn (19.58) suggested that 
in light of the absence of freshly fallen blocks of Green-
land and the presence of large quantfties of dust beneath 
the overhangs, that process. of formation of the .overhangs 
is cliff sapping • . This process r_equires the underlying 
I • 
material to weather'. , into dust _or fine grain material that 
can be removed by _,· wind action, · R.emoval of the fine ma-
terial would have been accomplished during a time when the 
Fig 4, Overhang of the Greenland Sandstone 
resting on the Brentwood-Gaither Mountain 
"horizon", Girl is standing on the Brent-
wood Limestone near the entrance to a solu-
tion cave, Outcrop .138. 
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climate was ·dryer and there was no heavy vegetation to block 
·the wind. Quinn (ibid) said that for the most pa.rt the over-
hangs are Altithermal in age, that is, they have formed since 
the last glaciation, 
If conditions were such that the underlying units below 
the Greenland could weather into ·a dust that could be easily 
removed by wind action, would one not expect to find a ten-
demy for the overhangs to generally parallel the wind direc-
tion at the time of .formation? But the overhangs found to.:. . .::: 
day are orientated in almost every direction but always pa-
rellel·with the stream valley below,which indicates that the 
' ' 
overhangs retreat ·pa.rallef to the stream valley, 
, ·I "" 
While the author admits that Quinn's method of cliff 
sapping is feasible, observation of many overhangs suggests 
other possi b111.t.fes:, . There are several factors to take into 
. . . : ~. ' " 
consideration; (1} the Greenland Sandstone has a high por-
osity in spite of the fact . that it contains a large percen-
tage of quartz cement, (2) there is a high annual rainfall 
in the area of around 40 inches per year, (3) active erosion 
of the Greenland is taking place today as evidenced by the 
numberous rocks that fall each year, and (4) by the fact 
·that some places once· inhabited by India,ns are now covered 
with·fallen rock, 
These factors, coupled together with the. lithology of 
the underlying units _suggest · that the overhangs are the re-
\ . . . 
sult of groundwater action. Groundwater percolating down 
' . . . 
· through the . Greenland,· reaches the underlying limestone 
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conglomerate and disolves the calcite, leaving the ·clay 
and insoluble material behind. An insoluble residue study 
.. of one sample has shown that the underlying limestone con-
glomerate is approximately 85 percent clay and insoluble 
material.· This would account for the large amount of yellow 
clay ma.ter1al found under the bluffs. In some places the 
yellow clay is oonglomeratio, probably due to incomplete 
solution of the limestone. This leaching process would only 
work where the Greenland rests on a limestone or limestone 
conglomerate • . 
Where the Greenland rests on a shale bed or siltstone 
or sandstone\ the groundwater would still percolate downward 
through the Greenland, reaching the underlying unit. . Then . 
during winter freezing and thawing the resulting spewing or 
frost heave can break up the underlying material. When 
thawed, the loose spewed material will fall to the base of 
the outcrop. With assistance from animals and man using_ the 
overhangs for shelter, there seems no doubt that the over-
hangs could have been produced by this method, Time involved 
·1n th~ir formation would be on· the,;i order of a few thousands 
of years, .Other evidence for the action of groundwater 
· dissolving out the. unde_rlying._units is the numerous }?mall 
caves found at the cont.act of the Greenland and the under-
lying limestone, Th~re are springs that 1.ssue from below 
the base of the· Gree:nland, . Also numerous solution channels 
are found in the underlying limestone, 
27 
Basal Contact 
The basal contact of the Greenland Sandstone with the. 
underlying units is unconformable, The Winslow rests ·on 
progressively older beds to the n9rth (Quinn, 1959) as a 
result of uplift of the area after deposition of the Bloyd, 
followed by tilting of the area to the south ·and subsequent 
erosion. The contact at the base of the Greenland Sandstone 
is very re·gu:i.a.r· and sharp, with only gentle relief of 3 to 6 
inches. There is no evidence of channeling at the base of 
the Greenland except at on~ place where it rests on a shaly · 
portion of the Bloyd, There,. in incomplete exposure, is a 
small sand channel cut approximately 2 feet down into the 
. shale, The full width of the channel could not be det·er- · · : 
mined, It must be kept in mind that the direction of the 
currents carrr1ng the Greenland sards was basically north-
south, and the present day drainage is also basically no.rth-. 
south, This limits most outcrops of the Greenland to·sec-
tions viewed parallel to any channels that may be present. 
Therefore, . channels of greater magnitide may be present but 
are obs cured , . 
Basal Conglomerate 
The .base of the ,Greenland is generally very sharp and 
abrupt, In many outcrops a basal conglomerate is lack-
·1ng. In places the basal conglomerate is confined to a 
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layer about 2 ·to 4 inches thick consisting mainly of large 
(up to 4 inches) clay pebbles and quartz pebbles, all mixed 
in a matrix of fine to medium sand cemented with quartz and 
some interstitial limonite (Fig, 5). As the Greenland rests 
with unconformity upon units that are mainly shales and lime-
stones, and because in most places the underlying horizon 
resembles the Gaither Mountain "horizon", the source of the 
clay pebbles could possibly be the underlying limestones, 
Insoluble residue analysis of the underlying unit has 
shown that the unit contains up to 85 percent clay and fine 
silt with only a small amount of c·alcite cement. Therefore, 
if the und~rlying limestones were eroded and rounded by the 
processes of transportation, deposited, leached by ground-
water, and then partially c~mented ~1th secondary 11monite, 
the result would be the clay pebbles found at the bas·e of 
the Greenland, · 
Due to .the fact that the Greenland represents a fairly 
high energy environment as shown by the ·large quartz pebbles, 
the clay pebbles must have been resistant while they were 
being transported, It is unlikely th~t any ~ud or silt be- , .. 
ing carried 1n ~ stream and expose~ to drying could be .con-
solidated or cemented· eridugh to·surv1ve the high energy.that 
Fig. 5. Basal conglomerate of the Greenland 
Sandstone showing clay pebbles, Clay pebbles 
have -been weathered out, leaving cavities, 
Ou~crop 139. · 
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would be encountered on the way to the site of deposi-
'tion, However, clay pebbles are not confined to the bas~l 
conglomerate, ·A few are found near the top of the Green-
land, .Closer examination may reveal that there are some 
differences in the pebbles, the lower ones being derived 
from the underlying limestone conglomerate and the upper 
. clay ones from s.o.me other source, 
· Paleocurrent Indicators in the Greenland Sandstone 
JO 
Paleocurrent directions of the Greenland Sandstone were 
studied to (1) determine the qirection of sediment transport 
and possible so~rce areas for the Greenland Sandstone, (2) 
_determine changes in paleocurrent direction over the area of 
study, and (J) determine the relationships of the paleocur-·!. 
rent directions in the Boston Mountains and those of the 
Eastern Interior Basin. 
Cross-bedding (Fig. 6) of. the planar type (McKee and 
Weir, 19.53) is the most comni:on and prominent paleocurrent 
indicator present in the Greenland Sandstone. Slight dif-
ferential weathering of the sandstone results in a small re-
lief of the weathered surface, exposing.the cross-bedding, 
Ripple marks are common and flute .casts . are found only where 
'i 
the Greenland tends to be silty, Only cross-bedding and 
ripple marks were measured, the flute casts not being con-. /. 
sidered due to their scarci_ty and poor preservation, Fes-
toon type cross-bedding was fobserved in; only one outcrop. 
· Ripple marks of the a_symmetrical and oscillatory type are 
Fig. 6, Typical outcrop of Greenland Sandstone 
showing cross-bedded and horizontally strati-
fied layers, Vertical scale is about 15 feet, 
Outcrop 137, 
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found in every horizon of the unit are are best exposed on 
top of outcrops. Ripple marks were observed on top of the 
cross-stratum, indicating that ripple marks were developed 
on the upper s·urface before deposit,ion of the next set of 
• • I 
cross-strata,· 
Average thickness of the cross-strata is 18 to 24 in-
ches, but may be as much as 4 feet. . According to termino-
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. . logy proposed by McKee and Weir (1953), the Greenland would 
be thinly to thickly c:i;-oss-bedded. Quartz pebbles are gen-
erally found on the contacts between the cross-bedded strata 
and between horizontally bedded layers. In no case were 
plant fossils found resting on the foreset bedding, only on 
~he horizontal bedding separating the cross-bedded strata. 
Not every stratum of the Greenland shows cross-bedding .. 
(Fig. 7); some layers are massive • . Apparently unstratified 
layers occur in succession ·or scattered throughout many 
other layers that do show cross-bedding. Possibly the wea-
thering has failed to expose cross-bedding, or perhaps non-
stratification 19dicates a time when the currents were not 
,, 
as strong and did not form cr9ss-bedding. Close examina-
;·J. 
tion shows that the individual cross-st,rata exhibit graded 
bedding. The coarser·sand pa~ticles are at the base.of the 
cross-strata and ·grade upward t·oward finer sand-size parti-
cles. Figure 8 illustrates thi~ feature, 
Ripple marks are best exposed beneath overhangs of. the 
Greenland or on top of outcrops •. ln some locations, the. 
tops of the. cross-str~ta show ripple marks, but do not always 
Fig.?. Outcrop of Greenland showin~ thickly 
bedded planar cross-bedding. Upper half of 
out·crop does not exhibit cross-bedding. 
Outcrop 130. 
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Fig. 8. Negative photograph of thin 
section No. 176 showing graded bed-




indicate the same direction of current movement as does the 
·cross-bedding. The maximum difference in current direction 
is .g.enerally not ~ore than JO degrees. This is thought to 
indicate that the direction of currents shifted frequently 
during deposition of the Greenland, · 
Azimuthal readings of the cross-bedding and ripple marks 
were made with a Brunton compass graduated from'zero to 360°. 
This type of graduation was used to reduce the error in 
transcribing measure;ments and to facilitate ·the computation 
of mean current direction. Strike and dip of the foreset 
beds of the cross-bedding was measured. Direction of current 
travel was assumed to be at right angles to the strike of 
~he cross-bedding in the direction of dip of the foreset 
beds. There are no indications that the ripple marks were 
formed · by~antidune ripples migrating upstream. Direction of 
current travel was measured on asymmetrical ripple marks . 
whose strike and apparent direction of current flow, whe-
ther to the north or to the south, was recorded, A max-
imum of six readings of cross-bedding was taken at each out-
crop. Three readings were taken· of ripple marks. These num-
bers were considered sufficient as no cgrrections are needed 
for flat lying sediments. 
An arithmetic average for 360 cross-bedding mea~urement 
ments show the mean current direction to be 186°. Averages 
I 
computed from the strike of the ripple marks show an average 
current direction of 170°. · Cross-bedding was measured.at 15 
foot intervals vertically where possible so that any vari-
ations in paleocurrent directions for one outcrop could be 
found. Maximum variation was found to be 127 degrees in 
one outcrop. However, the average variation per outcrop is 
on the order of 30 degrees. The maximum variation ma~ be 
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in two successive strata or in the two most widely separated 
strata in the outcrop. Dip of the foreset beds ranges from 
. . 
11 to 36 degrees, with an overall average dip of 22 degrees. 
The variations in apparent paleocurrent directions found in 
most outcrops are indicative of rapidly changing current di-
rections. Most outcrops show some degree of variation but 
some show as many as eight successive layers with exact,ly 
~he same strike and dip of the foreset beds. Changing cur-
rents may have -been in response to a braided type distri bu-
tary system as found in a deltaic environment. · 
Poles normal to the foreset beds are plotted on an 
equal area stereonet (Fig. 9) •. Each point on the diagram 
represents the average direction of current of one outcrop. 
Because the same number of measurements was not made at 
every locality, each point does . not represent the same num-
ber of measurements. There is a high degree of symmetry 
around the calculated·arithmetic mean current direction, 186°, 
The outcrop pattern of the Greenland . and . . paleocurrent 
directions are shown. on Plate 1, Each arrow plotted on the 
map represents ,the arithmetic ·average of the paleocurrent 
readings of the cross-beeding for a single +ocality, It was 
not -always possible to obtain the maximum of six measurements 
180° 
Fig. 9. Stereo-net plot of arithmetic average 
of cross-bedding measurements for each locality. 
per outcrop. The direction of current flow is designated 
by the point of the arrow representing the locality·. 
Overturned Cross-Bedding 
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Overturned cross-bedding was observed in two localities, 
outcrops 68 and 138 (see Appendix Table 7 for location). 
Situated between normally cross-bedded strata are strata 
that exhibit overturned cross-bedding (Fig. 10). Graded 
bedding of each individual cross-stratum can be traced from 
normal dip through the vertical to overturned. The over-
turning appears to h~ve occurred beggining approximately .in 
the middle of the cross~bedded strata, No contortion of 
the beds occurred duri~g overturning. The underlying stra-
tum is undisturbed, Deposition of planar cross-bedding 
continued after overturning. 
Fig. 10. Exposure of Greenland show-
ing overturned cross-bedding. Over-
turned stratum is about 25 feet above 
girl's head. Outcrop 138. 
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The origin of the feature is thought to be some form 
.of slump of the sand on the depositional slope. Possibly 
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a process similar to soil creep may be responsible. Jones 
(1962) reported similar structures in the Bima.· Sandstone 
(Cretaceous age) in Nigeria. He concluded that they were 
caused by earthquakes, " triggering -off slumps of sand down 
the depositional slope, causing the overturning of the beds·. 
Other evidence for penecontemporaneous deformation of 
the Greenland is seen in Figure 11, a photograph of sample 
No, 282. This sample, not found in place, ·was once a _part 
of a 1-inch layer of fine to medium sand. · Asymmetrical rip-
ple marks are developed on the upper surface. The sand was 
deposited on a ripple-marked surface as evidenced by the 
bottom casts of the sample. Then at some later time before 
11thif1cat1on, the sand layer was deformed at an angle of 
40 degrees from the strike of the ripple marks. The sample 
shows deformation without contorting the bedding • . The sam-
ple may be a piece that was formed by the overturning of the 
cross-bedding. 
In places one can observe worm borings in the Greenland, 
In some places the borin_gs transect unstratified layers and 
in others the borings- transect cross-bedding, 
Fig. 11. Photograph of sample No. 282 show-
ing deformation before lithification. Note 




What appears to be giant cross-bedding ' can be seen · 
while standing on top of the Greenland at the edge of the 
.bluff in approximately the center of sec, 17, T. 15 N,, , R, 
24 w., looking to the west across Kings River to the oppo~ 
site bluff of the Greenland Sandstone(; (F1g. 12). The cross-
strata appear to be about 15-20 feet thick and up to one 
hundred yards long. The apparent dip of the giant cross-
bedding is south~southea.st with the angle of dip about 20 
degrees, Examination of the base of this outcrop of the 
Greenland reveals normal planar cross-bedding 18-24 inches 
thick and no indicatiqn of any other size of cross-bedding, 
A reason for not seeing larger scale cross-bedding at the 
base is that there is much overhang of the Greenland here, 
and the ·lower slope is so steep that one can observe only 
the basal part of the outcrop, 
This giant cross-bedding may be some weathering fea-
ture such as weathe~ing along joints or, in fact, may be due 
to large scale cross-bedding, such as might be expected in 
a deltaic environment, This feature· has not been described 
in this ar~a before, possibly because we·11 exposed outcrops 
are rare, Perhaps a study. of·long, continous, vertical bluffs 
of the Greenland :Sa.hdstone may reveal ,more similar features 
when leaves are not in ·the way to obstruct the view. 
Fig·, 12. Telephoto view west of giant cross-
bedding in well exposed bluff of Greenland 
Sandstone, NWi, sec, 17, T. 15 N. R. 24 w. 




The Greenland Sandstone is almost devoid of inver-
tebrate fossils, Only·in very few places can one find 
identifiable remains, Crinoid stem segments are the chief 
material identified in this area but bits and pieces of 
broken brachiopod shells are sometimes found. None of the 
original material of the fossils remain, As the Greenland 
is very porous, leaching by groundwater has removed all the 
original calcareous material and replaced it with limon1te. 
Fossil plant material is observed at almost every out-
crop, For the most part, the plant fragments are unidenti~ 
fiable, However, in several localities, good remains of 
'-
Lepidodendron and Sigillaria trees are found ( Fig, 13 ). 
The best preserved is a Lepidodendron trunk that was about 
2! feet in diame~er but due to c·ompaction pressure, is now 
preserved as an oval 2 by Ji feet, All plant material have 
been filled by sand, replaced by limonite, or both, leav-
ing only a limonite stained impression of the original 
material. 
The abundance of plant fossils throughout the area, the 
presence of the fossils all through the Greenland vertically, 
. . 
· and the fact that none are found in growth position, is a 
strong indication that they were floated into the area, be-
•,· .,, 
came water-logged, and sank. The abunda~ce of plant fossils 
indicates that the source area of the Greenland was prolific 
with vegetation and that the area of study of the Greenland 
was not far from the source where rivers were dumping sedi-
') ! l . ·, I j L l l 
·i;o.ents and plant remains into the shallow seas, 
Fig. 13, Impressions of Lehidodendron and S1-
g1llar1a tree fossils int e Greenland SanU: 
stone, Outcrop 137 • . 
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North-South Size Trend 
Size analysis of twenty samples was made to determine 
if there is a north-south grain size trend that fits the 
·paleocurrent pattern, Ten samples along a roughly east-
west line in the · northern end of the area and ten samples 
from the southern ef?.d,. also in an east-west line, were 
·sieved with the Ro-Tap shaker, This method of sampling was 
used because of the variations in character of the outcrops 
of the Greenland. In order to reduce the error from pick-
ing samples that may have been deposited by different velo-
'/ 
cities of currents, ten samples were taken at right angles 
· to the general direction of flow. 
Grain sizes :were determined and plotted on cumulative 
curves. The median size at each locality was determined 
from these curves, An average of the median size of the 
ten samples. from the north was found to be 0,39 mm and the 
• I 
45 
average of median size from the ten samples from the south 
was 0,28 mm (Appendix Tables 3 and 4). This indicates that 
' I ., 
there is a ·definite north-south difference which suggest a 
north-south gradation of g:rain 1 size of the Greenland Sand~ 
stone.· This ·fits well _. with the ' idea .that the strand· line and 
source direction during the t.ime of deposition was ito . the • . I • 
. , , . 
north (Quinn, personal communication), 
Histograms of the size analyses were made . to see any 
general trends in sorting. The largest percentage of grains 
were between 0.25 and 0,50 mm, making the Greenland basically 
_a fine-grained sandstone. Cumulative curves were drawn and · 
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from these Q1, Q3, median grain size (Md), P10 , and P90 
. were determined, From these values the coefficient of sort-
ing (So) for each of the twenty samples was computed. The 
coefficient of sorting ranged from 1.14 to 1.56 with an over- · 
all av·erage of 1. J3. Skewness and kurtosis were not com-
puted. The figures for P10 and P90 are listed in Appendix 
Table 5, 
Pettijohn (1957) gives figures for several degrees of 
sorting, A perfectly sorted sediment has a coefficient of 
sorting of 1. 00 and a. So 1r;-:-1.1uc of less than 2. 5 is 1. ndica-
tive of a well-sorted sediment, It is pointed out that in-
vestigations have revealed that most nearshore marine sedi-
ments of sand-size material have a coefficient of sorting 
betwen 1,00 and 2,00 with 1,45 as the average. Even though. 
sediments from other types of environments may have a simi-
lar coefficient of sorting, it is thought that the 1.JJ 
average coefficient of sort+ng of. the Greenland is.i>_.~ore evi-
dence that the Greenland Sandstone is of a shallow water 
marine origin • . 
Petrography 
'Binocular microscope examination of.samples 
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120 samples of the Greenland were disaggregated into 
.. individual grains and observed through a binocular micro-
scope, Partic~e size, shape, and degree of roundness were 
determined. Mineral compositions of the grains and of the · 
cement were determined, Careful search was made for micro-
fossils but none were observed, Feldspar and chert frag-
ments are rare-, A few small fragments { less than 1/16 mm) . 
of what appeared to be weathered feldspars were observed. 
These fragments have been weathered to what appears to be 
a clay arid are not clearly identifiable, 
Chert particles ·are all larger than 4 mm, probably be-. 
. cause chert weathers and is abraded faster t~an quartz after 
it becomes sand size and smaller, ·This is due to (1) the 
cherts being softer than .quartz, and (2) the larger surface 
area exposed in proportion·to the volume of the grain, The 
presence and relative abundance of heavy minerals were noted . . 
but no quant.,;tative work was done with them. Grains of jas-
per, zircon, tourmaline, L.and d.ark unidentified minerals were 
observed, ~he vast majority of grains are quartz, Most of 
the quartz,, grains are c.olorless but a few are milky or pink. 
Several quartz grains contain dark inclusions but none were 
observed to contain bubble inclusions, Also observed were 
muscovite flakes~ and. one biot1te flake, In general, the 
' \ ' I 
cleaner and finer the sand, .the more abundant were the mus-
covite flakes. Samples with a high concentration of inter-
stitial limonite reve:aled almost · no muscovite flakes. 
Sand grains , and quartz overgrowths 
,Viewed through a binocular microscope, almost all 
quartz grains smaller than 0.50 mm were very angular, 
exhibiting many crystal faces, with only a few showing 
any degree.of rounding, This is taken as evidence that 
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the quartz grains have secondary crystalline overgrowths. 
Any quartz pebble in the pure~ sands with a high percen-
tage of quartz cement shows faceting by quartz overgrowths. 
Two plagioclase grains identified in thin section are the 
only feldspars found. 
In thin section, it was found that almost all the sand-
size grains are angular to subangular ·with only those larger 
than 0,'50 mm showing any degree of rounding. This angular-
ity and the lack of voids between the grains leads the au~, " 
thor to .identify them as quartz grains with quartz over-
growths in optical continuity. Only very few grains were 
observed that defin:1 tely show the "dust ring" or :"halos" of 
the old grain,, 
Several samples of a dark-gray, dense, fossiliferous 
limestone found 8 feet above the top of the Greenland in the 
upper Winslow in sec, 30, T. 16 N., R. 26 W. were dissolved 
in acid, Results ·show that tbe -limestone is approximately 
4o percent calcium· carbonate, . the remainder being almostall 
very fine to coarse quartz sand, with several quartz pebbles 
up to ' '8mm. long. , What was immediately noticeable in the in-
soluble residue was · the small amount , {( a bout 8 percent)' ,of 
clay-size material, and the fact that every quartz grain, 
regardless of size, · is :, ·rounded to well rounded, with most 
·or them showing polished surfaces. This is in distinct con-
trast t~ the angular to subangular shape that is very charac-
teristic of the quartz·· grains of the Greenland. 
As it is thought tha.t the source direction and environ-
ID:~nt during· depositio_n of the Greenland would not have 
. changed much by the time the limestone_. 8 feet above the top 
of the Greenland was deposited, the author believes that the 
original Greenland sa~d was very clean, polished, rounded to 
well rounded, similar .to the grains dissolved out of the 
limestone above it, In samples that c9ntained a large 
.amount of.11monitic cement, the quartz grains are much less 
angular. This may be caused· by a deficiency of quartz ce-
ment in .this area, and the ·11mon1te filled in the 1nterst1- . 
tial voids. 
Quartz pebbles 
Quartz pebble conglomerates (Fig. 14) are scattered 
th.roughout the Greenland, . These conglomerates are for the 
most part confined to the lower.one-quarter of the unit, 
but in many locations, quartz pebble conglomerates are found 
throughout the Greenland. The oldest quartz pebble reported 
in this area is from the basal limestone .conglomerate at the 
base of the Cane Hill Member of the Hale Formation. Saunders 
(1967) reported ~hat one broken, rounded .quartz pebble was 
r~covered, The next·,major occurence of quartz pebbles 1s. in 
t,h.e ~·.c_ap~ock O o.f the. Baldw~n coal. · The coa+ ~s absent in the 
. I 
Fig, 14. Sample of Greenland Sandstone showing 
typical quartz pebble conglomerate, 
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area but quartz pebbles have been reported in the Bloyd 
·Formation (Quinn, personal communication), 
51 
The major occurrence of quartz pebbles is in the basal 
~onglomerate of the Greenland, The quartz pebbles are ran- · 
domly scattered in the basal conglomerate, but higher in the 
·Greenland, the quartz pebbles are found on bedding planes, 
both on the foreset beds and along bedding planes separating 
the cross-strata,, Abundance of the quartz pebbles is vari-
able, At some outcrops, th.ere are many pebbles and at other 
outcrops, only a few are present, As the pebbles are found 
throughout the area, the abundance of pebbles may be useful 
in delineating areas· of stronger currents during the .. ·time of 
4eposition, This may help in identifying channels or areas 
where the local slope was ·greater than the regional slope, 
An .1sop.ach map (_Fig, 15) reveals three elongated areas 
of greater thickness that have a general north-south trend, 
Because these . areas of greater thickness are parallel to 
areas of less thickness, it is thought that these thicker 
. areas may represent channels _due to erosion of the underly-
ing units before the deposition·of the Greenlani, One deep 
''channel" in the extreme eastern part of the area supports 
the idea that this is·a. channel because .in this area Gilley 
(1966) found the Greenland resting unconformably on the up-
per .part of the Hale Formation, . There is also a general 
thickening of the Gre_enland to the south 'and ' to the east I 
This thickening is 1n agreement with .the idea that the 
20 
·e 
Fig. 15. Isopach of Grei'enland Sandstone 1n 
area of study, Mad:1fQn County, Arkansas~ 
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\ strand line during the time of deposition of the Greenland 
was somewhere to the west of Fayetteville, Washington Coun-
ty, Arkansas and to the north of the area of study (Quinn, 
personal comminication), · 
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An overlay showing the location of .outcrops containing 
quartz pebbles was placed on the isopach map and it revealed 
that the central thinnest area of the Greenland had very few 
or no . quartz pebbles. It could be that there the currents 
~ere not strong enough to carry the quartz pebbles. · However; 
. ) 
other areas of thinness do not show any such relation. over-
lays of transparenc'fues showfng, the outcrops that contained 
plant fossils and clay pebbles do· :,not reveal any noticeable 
trends when placed over the isopach map. Al~o any combina-
tion of overlays showing locat1~ns of quartz pebbles, clay 
pebbles' . and plant fossils fail to( show:.-~ny 'trends'~ 
' · I ' ,, 
Examination ·or the quartz pebble conglomerates shows · 
them to be composed of quartz pebbles surrounded by a ma--~· 
trix of very fine to medium sand, cemented with quartz. The 
quartz pebbles are rounded to well rounded, but show a low 
sphericity, . No broken pebbles were observed, Quartz peb-
bles from four samples, each containing J4 to 100 pebbles, 
. were measured for maximum length, width and breadth of each 
pebble, .The largest .pebble is 36 mm long, Average for the 
three dimensions were d·etermined and it was found that the 
maximum length 1s approx1mat~ly double the breadth of the 
pebble .(Appendix Table ~) •· 
' . 
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examining the quartz pebbles with a hend lens, pebbles 
. that have a polycrystalline texture can be easily recognized, 
Pebbles showing this texture are thought to be metaquartzite. 
Other pebbles definit~ly have a single crystal metamorphic 
and vein quartz appearance. Fracturing and veining can be 
seen in many of the pebbles. Color ranges from milky white 
to· light rose pink, Deposition of secondary quartz pacets 
some of the quartz pebble surfaces and gives many of the 
pebbles the appearance of possessing cleavage,· If the peb-
bles are carefully rotated and the angle of "cleavage 11 noted, 
one finds that the angle is 60 degrees, the 1nterfac1al 
. angle of crystal quartz. Thus the grains that earlier were 
thought to be feldspars because of th3 presence of "cleavage" 
proved to be quartz under close examination. An X-ray pow-
der diffraction study confirmed the mineralogy of the pebbles, 
Analysis of thin sections 
A point count was made of nine thin sections using a 
Swift Point Counter coupled .with a ;polarizing microscope. A 
total of 500 counts per thin section was made though 200 
counts is usually considered enough.when working with sedi-
ments.. Because only a small number . of minerals other than 
quartz are present, it .was de·cided that · the larger number 
of grain count~ would give better results. The minerals 
in the thin sections are quartz: ( the most abundant ) , 
quartz · cement, limonite, mus.covite, orthoclase, plagioclase, 
and zircon. No other minerals were seen in thin section but 
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the author believes after having observed samples of the 
.Greenland through a binocular microscope, that a heavy 
mineral study of the Greenland would reveal a greater vari-
ety of minerals present, 
Quartz grains were described according to even e:x:tinc-
o tion, slightly undulatory extinction (having less than 10 
'difference in extinction angles per grain)' strongly undula-
to~y extinction (grains having greater than 10° extinction), 
or having polycrystalline texture, with sutured contacts be-
tween the grains, Quartz by volume ranges from 80.0 to 97.0 
percent. Quartz by percent of minerals present ranges from 
ranges from 96.4 to 99,1 percent. The number of _quartz 
grains showing some degree of undulatory extinction ranges 
from 24,8 to 75.2 with an average of about 50 percent. All 
quartz pebbles show strong undulose extinction or polycrys-. , 
talline texture. Approximately 75 percent of the quartz. 
pebbles ovserved in thin section have polycrystalline tex-
tures, 
The author makes no assumption· a.'s to the origin of the · 
quartz pebbles on the basis of .extinction of the grains and 
pebbles. However, on the basis of the large size of the 
quartz pebbles (up to 36 mm l~ng), the sutured contact be-
tween the quartz grains .in many of the pebbles, and the1'r 
large number, it is concluded the pebbles are probably of a 
I metamorphic ori~in, either from a metaquartzite or a quartz 
vein,· The. volume of vein quartz is thought not to be suf-
. ficient to produce the large number of pebble which are 
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found over ·the area and in the basal Pennsylvanian sediments 
·Of the Eastern Interior Basin to the northeast. Quartz from 
igneous rocks is not known to occur in the la.rge pebble ·size 
in such quantities a:s .found in the Greenland, Therefore, it 
is thought . that the quartz pebbles were derived from a ·meta-
morphic terrain of from'preexisting sediments to the north 
and northeast that contained metamorphic quartz pebbles. 
The percentage of feldspars present 1s very low, rang-
ing from zero ·to . 1,2 percent~ The majority of feldspar: 
· grains are of what -~appe,ars ::-= to be orthoclase but are badly· 
weathered and altered, making identification difficult, ,if 
not impossible. Two grains of plagiocalse were observed. 
·.Using the· Michel Levy method,. their compositions ;were deter-
. mined. One grain shows a _composition of An50-Ab50 and the 
other has a composition of An53-Ab47• This marked similar-
· ity may indicate that such is near the true . composition •. 
Muscovite is present from o.4 to 2.4 percent, and is more 
common in fine-grained clean samples. Only three grains of 
zircon were observed in the nine thin sections. 
The almost total absence of feldspars and other less 
stable minerals· may indicate that the quartz pebbles of the 
Greenland, and also the quartz grains that make up the _·· 
Greenland, were derived from preexisting sediments. · This 
would make the sediments of the. Greenland second cycle or 
greater. Since . quartz pebbles are resistant to abrasion, 
it is possibie that the softer ~eldspar pebbles could have 
·been present in the souTce area ·but had been eliminated by 
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the time they reached the site of deposition. If this were 
·the case, then one would suspect ~ore feldspar grains of 
sand size and smaller in the detrital sedimen~s of the 
Greenland, Accordingly, it is believed that the sediments · 
of the Greenland represent multicycle transportation, 
X-ray identification of cherts and limonite 
While. collecting field data and samples, particular 
attention was paid to the presence of chert pebbles and 
_,... 
fragments. It was thought that if the chert pebbles could 
by some means be identified as Boone, Cotter, or any of the 
cherts that are well exposed around the Ozark Dome, a state-
ment c·ould be made concerning the Ozark Dome as a source 
area for part ot the sediments of the Greenland Sandstone. 
Considerable search turned up only a few chert pebbles in 
the Greenland, A trip was made to the north ' to collect sam-
ples of Boone and Cotter cherts so that they could be matched 
with the samples from the Greenland, Samples were collected 
from the north of the area of study.in the direction from 
\ '• . ' . . 
which it was thought ·that the chert fragments in the Green-
lnad might have come. An X-ray powder· diffraction study 
revealed no ·· characteristic minerals ( only alpha quartz and 
·calcite) in :.the ,cherts•~ S~e .Append.ix \Table 8'·fo:t?. ·a descriP-. 
tion of the method used, 
Two samples of Greenland that contained a high percent 
of limonite were X-rayed to determine their composit.tqn. 
Results show the limonite to be·a mixture of hematite and 
goethite. A. description of the method used is in Table 8. · 
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THE WINSLOW ABOVE THE GREENLAND SANDSTONE 
Deposition of the Greenland ended with the first influx 
of silt and clay into: the area of deposition, There is no 
evidence of a break in depos1t1:on of the Winslow above the 
Greenland, The upper Winslow consists of alternating fine-
grained sands and shales, For the ;most part the sands are 
very fine grain, thick to massive bedded, often with a large 
amount of qu~rtz cement maki:n.g the sands very resistant to 
erosion and forming d1scont1nous small benches and ledges. 
These i:esistant layers cannot be traced horizontally for any 
great distance and 1 t is thought that ·these s~p.ds tongue and 
wedge with the silts and shales, The shales and silty beds 
generally weather to a strong ocher color, 
Gilley (1966) reported slump structures in the Winslow. 
The structures were formed penecontemporaneously with de~ 
position of the sediments, Quinn (1959) has explained the 
origin of these structures as >:3liding after deposition of 
1 
unconsolidated sedi~ents on a foreslope with considerable 
initial dip. This fits well with the idea that the Green~~~}:;:·, 
land is of a shallow water near shore marine environment. 
Accumulation of quartz pebbles did not end with the 
termination of the de,posi tion of the Greenland. In many 
areas, quartz pebbles are found up in the upper Winslow, 
The general pebble size is around 4 mm and the abundance is 
much less than in the Greenland, Some of the upper layers 
of sandstone show good cross-bedding with a general south 
dip _  :.of ,..the :. fores et ... beets,; / ... A:lso·,-·-1n sev.~ral· plaoe·s . ·where ·.-. 
silty lay~rs of the Winslow are exposed, layer on layer of 
·asymmetrical ripple marks can be ~bserved, all with the 
direction of current flow to the south. It is thought that 
a paleocurrent study made on the upper part of the Winslow 
will yield results :similar to those shown by measurements 
in the lower member, the Greenland Sandstone. 
A coal seam 12 to 18 inches thick was found in the up-
per Winslow approximatley 150 feet above the top of the 
A . 4 Greenland in the SE 4 of sec. 1, T. 1 N., R. 25 w. This 
location is directly west of the falls on Kings River where 
the river pours over the Greenland Sandstone. The coal is 
evidence that the upper pa.rt of the Winslow was emergent 
.during part of the time of deposit-ion. The coal is located 
between a series of alternating thick sands and thin shales 
and is directly overlain by a thick cross-bedded sandstone 
much like the Greenland. The coal is of no. economic im- . ; · 
portance and probably cannot be traced laterally·for any 
s1gnif1can:t'i distance, 
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THE EASTERN INTERIOR BASIN AND ITS RELATION 
TO THE BOSTON MOUNTAINS 
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The Eastern Interior Basin, a broad intracratonio basin, 
is bordered on the southwest by the Ozark Uplift, and on the 
·north and east by the Kankakee Arch, the Cinoinatti Arch, 
and the Nashville Dome. The southern end of the basin was 
open to the sea during ·the deposition of the Chesteran (Mis-
sissippian) and lower Pennsylvanian sediments (Potter and 
Siever, 19.56). Since 1953, much work had been done with the 
direction of sediment travel during the time ·of the deposiia. ' .. 
tion of the lower Pennsylvanian sediments, Most work has · :.e 
been done with the Caseyville and Mansfield Formations, both 
o.f Morrowan age. It has been stated by Potter and Siever 
(1956), Siever (1953), and Potter et~ (1958), that the 
direction of paleocurrents during_~or~owan time was to the 
southwest (Fig, 16), A minor source area was to the north-
west. The .sal'lds of the Caseyville and Mansfield Formations 
range from fluvial channel to shallow water marine or del-
taic type sedimentary bodies, The .fact that the channel 
orientations and current directions are parallel in the 
Eastern Interior B~sin indicates that the regional slope was 
to the south and southwest. 
One of the characteristics of the sandstones of the 
Eastern Interior Basin is the presence of quartz pebble con-
glomerates, Quartz pebbles from the northwestern source are 
differentiated from ·those from the.northeastern source by 
their more advance state of rounding and abrasion, The sedi-
ments derived from the northwestern source also contain a 
::,OZARKS _ 
II " I I I ' \ 
/sase of Pennsytvanlan 
1-----1 / Measured Paleocurrents 
Fig. 16. Map showing relation of paleocurrents 1n 
Eastern Interior Basin and Boston Mountain region· 
(modified from ~otter· and Siever, 1956). 
61 
62 
lesser amount of feldspars (Siever and Potter, 1956), Most 
·Of the quartozse sandstones are interbedded with marine 
shales and limestones, These marine units indicate that the 
Eastern Interior Basin underwent many trangressions and re-
gressions by the Pennsylvanian seas, 
Thin section ai:Ja,lyses by Siever and Potter (1956) have 
shown that the Pennsylvanian sands of the Eastern Interior 
Basin are predominantly quartzose sandstones, Observation 
of the extinction of the quartz grains under a polarizing 
microscope revealed the presence of metaquartzite grains, . · 
and quartz grains that show strong undulose extinction,· 
These types of quartz grains are present in the Eastern In-
~erior Basin in almost the same percentages as are found in 
the Greenland Sandstone, Non-undulatory quartzgrains are 
dominant in the Eastern InteriorBas:1.n just as they are in :·· 
the Greenland,) Potter and Siever (1956) said that the. <'. - · . · . r , 
sediments from both·sources• the northwest and· the north-
east, are several cycles removed from their igneous and · .. 
metamorphic parent sources and clearly show that they were 
derived from preexisting sediments; \. 
The striking similarities in lithology, mineralogy, age 
and paleocurrent directions of the Eastern Interior Basin 
and the Boston Mountain region are very good evidence that 
the two areas were _continous during Morrowan time and were 
being subjected to the same .environment.· A strong link is 
shown by the presence of quartz pebbles in both the areas, 
No corresponding pebbles have ever been found in the Atokan 
sediments of the Ouachita Mountains and southeastern Okla-
·homa. This suggests that the Winslow Formation is a unique 
formation even though it has similarities with other units 
to the south. 
If one looks at a geolo~ic map of North America and ob-
serves the relative positions ·of the Ea.stern Interior Ba.sin, 
the Ozark Dome, and the Boston ,.Mountains, it would be ob-
served that the Ozark Dome lies between the Eastern Inter-
ior Basin and the Boston Mountain region. Considering that 
the basic current direction in the Greenland is almost due 
south, but with a source direction from the northwest and 
no:ptheast, it seems that the Ozark Dome area was not exposed 
.during the time of the deposition of the Greenland. The 
Ozark Dome area was probably buried sometime during the 
deposition of the Hale or Bloyd Formations. Otherwise cur-
rent direction:_·patterns would show some diversion caused .by 
such a positive area. Also,mineralogy of the Greenland 
failed to.yield any .direct evidence that ' the Ozark area was 
a positive feature and contributing ·sediments to the Green-
land Sandstone at .this,time, 
! 
LATE MORROWAN GEOLOGIC HISTORY OF AREA 
Deposition of the Bloyd Formation was terminated by 
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the emergence of northwestern Arkansas. The area was tilted 
·to the south and subjected to erosion (Quinn, 1959). Ero-
sion continued in some areas to the extent that the sedi-
ments of the Hale Formation were exposed. This pre-Winslo~. 
erosion of the area is probably when the "channels 11 in the 
Grennland were developed, The channels probably represent·· 
the configuration of the drainage µ9.ttern prior to the re-
advance of the late Morrowan sea. The start of the dep9s1-
tion of the Winslow Formati~n began with a large influ; of 
elastic sediments into the area. The basal sheet sand com-
·prises the Greenland Sandstone. All during the time of de-
. . 
position of the Greenland only sand and quartz pebbles were 
being sup~lied to the area or the·current competency was 
high enoug1:1 to continue _carrying the finer ·sediments to the 
) south and out of the area, Sediments were being introduced 
from the north, from the ge~eral di.rection of the Eastern 
Interior Basin, The Greenland represents a shallow water 
near shore marine sand that was deposited by by rapidly 
changing currents, Deposition i'ot:.· .the Greenland was~·.proba-
bly _during a very short .period of time.· · .. 
The event marking the end of the deposition of the 
Greenland was the first influx. ·o.f shales and silts into the 
area, Alternating beds of silt, s_hale, and very fine-grained 
sandstones characterize the upper part of the Winslow Forma-
tion and may represent climatic conditions of alternating 
. ; ,,, 
wet and dry periods, 
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The coarse conglomeratic sands and pebbles of the 
·Greenland Sand~tone are thought to be a . result of re-
moval of large volumes of material from lands to the north 
and northeast during a period of a humid climate, Any evi-
dence of post-Winslow units being deposited in . the area of 
study has since been removed by erosion. 
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SUMMARY 
1. The Greenland Sandstone is a very fine- to medium-grained, 
light yellow-tan, cross-bedded, ripple-marked, quartzose 
sandstone with quartz cement and some interstitial limo-
nite. 
2. The Greenland rests with unconformaty on lower Morrowan 
sediments. · 
J. The basal contact of the Greenland is very ~harp and re-
gular with little evidence of channeling. 
4. The basal conglomerate clay pebbles may be derived from,, 
the underlying units. 
5. Cross-bedding measurements show a paleocurrent direction 
of 186°. 
6. Ripple mark measurements show a paleocurrent direction 
. of ·170°. 
7. Overturned corss-bedd}ng is present in the Greenland. 
8, Giant cross-bedding m?,Y be present in the Greenland, 
9. There is a north-south g~ain size trend w1th,the northern 
sediments being coarser • 
. 10. ~ Invertebrate fossils are rare but plant foss .ils are com~.,.1 
mon in the Greenland. 
·11, The majority of quartz grains have quartz , overgrowths. 
12, Quartz pebbles are common, may be up to 36 mm _1o·ng, and 
are probably of a metamorphi·c . origin • . 
13. Size analysis shows that the Greenland has a coeffieient 
of sorting close to the average_determined for shallow 
water marine sands·. 
14. Thin section analysis shows the Greenland to be almost 
100 percent'quartz. 
15, ·x-ray identification of' cherts failed to reveal any 
minerals charact.eristic. of specific formations, 
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16, X-ray 1~ent1ficat1on of limonite revealed it to be com-
posed of hematite and geoth1te. 
_17, Differential weathering of underlying units below the 
Greenland, by action of groundwater and mechanical wea-
thering by freezing, causes overhangs of the Greenland, 
-18. The overlying upper Winslow Formation consists of al-
ternating sands and shales with one coal seam, 
19, The sediments of the Greenland Sand.st-one and the lower 
Pennsylvanian sediments of the Eastern Interior Basin, 
on the basis of paleocurrents, 11 tho logy, mineralogy, .· 
and age similarities 1nd.1cate that the two areas :were 
connected during Morrowan tmme. 
20, The "area was subjected-to erosion and tilting. to the 
south before the deposition of the Greenland, Erosion 
may have formed channels in the base of the Greenland, 
,':' ~-. · Future work that might be done includes a continued 
study of the paleocurrent directions of the Greenland Sand~ 
· stone for all of northwestern ·Arkansas 1 ·a paleocurrent study 
of the upper Winslow Formation to determine if conditions 
during the time of deposition of .the Greenland prevailed dur-. 
ing the time of deposition of the upper Winslow Formation; 
I 
more work with cherts to try to .· determine what units were 
exposed to the ··north during the time of the deposition of : 
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Greenland; and a more closely measured isopach of the Green-
·land to try ·to determine the actual localities of P!e.-Green-
land erosional channels, 
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APPENDIX 
Table 1- Averages of the three dimensions measured on the 
quartz pebbles. Measurements are in millimeters, 
Sample Length Width I Breadth No, of Pebbles 
No. (nim) (mm) (mm) 




16.8 l 199 11.7 9,3 ~ 39 
1 
167 17.9 11.6 8.3 100 
202 14.8 10.0 7.4 34 
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Table 2, Tabulation of size analyses of the ten samples from 
from the northern half of the area of study, Upper · 
·figures are in weight percent and lower figures are cum-
ulative percent, 
SIEVE SIZE 
SAMPLE ._'. 2.0 1. 0 . 0.50 0.250 0.125 PAN NO. (mm) (mm) (mm) (mm) (mm) 
112 o.o 1.4 28.2 63.2 4.1 3.1 o.o 1.4 ·29.6 92.8 96,9 100,0 
128 0,0 2.4 24,5 62.4 6.J 4.4 0,0 2,4 26.9 89.3 95.6 100.0 
134 5,4 9,.5 31,5 43.7 6,2 3,7 5,4 14,9 46.4 90.1 96.3 100,0 _., 
146 0.1 2,1 21 ;.5 57.6 11.8 6,9 0.1 2,2 23,7 81.3 93.-1 100,0 
153 o.o 1.4 21.5 64.8 _ 8.1 4.1 o.o 1.1+ 22,9 87,7 95,8 99.9 
· 156 o.o 0,6 · 6.4 41.9 44~.1 6.9 o.o o.6 7.0 48.9 . 93,0 99,9 
159 o.o 0,5 5,3 76.1 16.0 2.1 o.o 0,5 5,8 81.9 97,9 100,0 
165 o.o 0,3 5,9 · 80,0 11,3 2 • .5 o.o 0.3 6.2 86,2 97.,5. .100,0 
171 · o.o o.8 12.0 6.5.J 16.1 5,8 o.o 0,8 12,8 78.1 94,2 100.0 
207 1. 7 · J,7 . 27,0 . .52. 3 11,5 J.7 1,7 .5 .4 J2.4 84,7 . 96,2 99,9 
Table :f. Tabulation of size analyses of the ten samples 
from the southern half of the area of study. Upper 
· figures are weight percent and lower figures are cum""'. 
ulat1ve percent, 
SIEVE SIZE 
SAMPLE 2.0 1.0 0.50 0.250 0.125 PAN 
NO. (mm) (mm) (mm) (mm) (mm) 
21.3 0.2 0.9 ·4~5 48,7 31,5 11~. 1 
0.2 1.1 5.6· 54,3 8.5,8 99,9 
226 o.o o.o o.o 1J.9 55.0 31.0 
o.o o.o o.o 13,9 68.9 99.9 
227 0.3 1.3 ·12;;,5 ·~: 61.4 16.5 8.0 
0.3 1.6 14,1 75,5 92,0 100,0 
231 o.o 1,6 . 6.8 .51.7 32,9 7.0 
0,0 1,6 8.4 60.1 93.0 100.0 
233 . 0.1 o.4 7,4 ·· 70,7 13,0 8,4 
0,1 0 • .5 7,9 78,6 91,6 100.0 
269 0.1 0,8 . 5.2 61.0 21.7 11,1 
0.1 0.9 · 6.1 67,1 88.8 99,9 
·-0.1 \· ~ .... 270 - 1.1 · 5. 5 48,2 34,0· 11.0 
0,1 1.2 6.7 54,9 88.9 99,9 
· ·274 o.o 0.5 5.1 · 62. 2 23.0 9.1 
o~o 0 • .5 . . 5. 6 67,8 90 •. 8 . ·99,9 
279 o.o 0, O· 5,5 12.0 56.2 26.3 
o.o o.o .5 .5. 17 .5 . 73,7 100,0 
284 o.o 0,0 15.5 ·.50,2 15.0 19.3 
o.o o.o 1.5 • .5 65,7 80.7 100,0 
Table 4. Tabulation from .cumulative curves of the ten 
samples from the northern half of the area of study.* · 
SAMPLE Ql Q3 Md P90 plO So No. .... ~ . . {mm) (mm) (mm) (mm) (mm) ,. , ... -
112 . 0.35 0.59 0,43 0.77 0,26 1.30 
. ' 
128 0.34. 0.53 o.4:, 0.79 0. 2Lf, 1 .. 25 
,, l. , I 
134 o.4o 0,75 o.47 1.48 0.24 1,37 
146 0,30 o.47 o.4o 0.73 0.17 1,2.5 
• l 
153 0.33 o.48 0,38 0.75 0,21 1.20 
1.56 0.18 0,38 0.24 0,47 0.13 1,45 
159 0.33 0,43 0.37 ·o,4o 0,20 1.14 
16.5 .0.33 0,43 o.4o o.46 0.21 1,14 
171 0.29 o.43 0,38 0.58 0,18 1.22 
207 0,37 0,59 0,47 0,85 0,21 1.26 
75 
* ·-rn -order to conform with standard statistical usage,' 
Q1 is the 25 percentile with 25 percent srria:ller and 75 per-
cent larger, QJ 1s the 75 percentile with 75 pero,ent smaller 
. and 2.5 .. Per:c.erit ,ila~ger. Median or the uaverage 0 size is the . i . ; 
grain size that 50 percent of the grains are larger and 50 
percent are smaller. P10 is the grain size that 10 percent 
are larger and 90 percent are . smaller. The coeffi~1ent of 
sortin}~, (So) was computed so that So 1s the square root of 
the ratio of the quartiles, . Q3/~1 , ~here Q3::·; 1s a larger num-
ber .than . Q1 (Pettijohn, 1957)'. 
Table 5. Tabulation from cumulative curves of the ten 
samples from the southern half of the area of study. 
SAMPLE Q1 Q3 Md p90 p10 So NO,. (mm) (mm) (mm) (mm) (mm) 
.213 0,18 0,40 0,27 o.44 0,09 1,49 
226 0.11 0.21 0.17 0,26 0,07 1.38 
227 0.25 o •. 44 0.37 0.61 0.15 1.32 
2.31 0,20 0,38 0.33 o.48 0,14 1,.37 
233 0.27 0,43 0.37 0,49 0.16 1. 26 . 
269 0,21 0.38 0.33 o,45 0.11 1,38 
270 0,18 0,37 0,28 0,45 . 0.10 1,43 
274 0.21 0,39 0,33· o.46 0.13 1.36 
279 0,11 ·0.25 0.17 o.4o 0.07 1.51 
284 0.18 o.44 0.35 0.60 0,08 1~56 
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Table 6. Tabulations from thin section point counts, 
Figures are in percent. 
QTZ.- Unstrained quartz 
MET.- Metaquartzite 
s.u.- Strongly undulatory quartz 
SL.u.- Slightly ~ndulatory quartz 




PL.- 1 Plagioclase z.- Zircon. 
SAMPLE QTZ. MET. s.u. SL.U. QTZ.C. LIM. 
NO. 
124 50.2 1.2 · 9.2 14,4 5,0 19,0 
197 52.0 2.0 3.0 29,2 8 ,2 · 2,8 
198 32,0 11.4 20.8 23,0 9,8 o.8 
206A 42.8 13.6 17.2 21.2 1,8 1.8 
226 49.9 14,4 12. 6' 13,4 5,4 2~2 
228 27.0 21,8 . 20,8 15,8 7,0 6.4 
251 49.2 10,8 16.2 11,8 3,4 4.6 
252A 14~0 23,4 44.2 7,6 3,8 5,8 























Table 7. Paleocurrent indicator measurements by outcrop 
number. Also included are outcrop locations and outcrop 
numbers of samples used in size analyses, thin sections, or 
photographs. Cross-bedding measurements are given by azi-
muth of foreset bed, dip of foreset bed, and direction. For 
.. example, in Outcrop .5 the fores et bed strikes 260 degrees, 
~1th a dip of 23 degrees to the south. Ripple mark measure-
ments are given by strike· of the ripple marks and then direc-
tion .of current flow. For example, in Outcrop 1 the strike 
of the ripple mark is 272 degrees with a southerly direc-
tion of current flow. Special abbreviations for location 
of o.utcrops are: NC-north center, SC-south center, WC-west 
center, and EC-east center. 
OUTCROP LOCATION CROSS-BEDDING RIPPLE SAMPLE 
NO. SEC. I TWP. I RNG. ·· ·- MARKS NO. 
N. W. 
1 SC 25 17 24 272-S 
269-S 
2 NW 36 17 24 295-W 
3 SE 3 16 24 . 260-S 
247-S 


























14 NW 13 16 25 290-S 
355-W 
360-w 
15 NE 14 16 · 25 290-S 290-s 






21 SW 29 -16 25 282-S 
291-S 
24 NE 9. 16 25 276-21W 
316-18W 
· J10-16W 
25 NC 17 16 25 252-16S 159 
306-19w 
277-22S 
27 0 7 16 25 220-26S 






30 w 26 : 17 · 25 291-18S 16.5 
311-31W 
.'.341-27W 
31 NW 36 17 25 340-W 
32 NE 36 17 25 75-S 
':82-S 
77-S 







Table 7 (Continued) 
34 NE 31 17 2.5 28.5-19S 171 
281..;27S 
288-24S 
















38 SW 11 16 26 311-19W 
309-22W 
326-13W 
40 ·NE 4 16 26 206 






4.5 w 22 16 26 21_7-19S 
47 · SW 27 16 26 297-19S 
289-23S 
301-21W 
50 SW 24 16 26 196-s 
207-S 
22.5-S 





Table 7 (Continued) 






.53 SE . 30 16 25 ·320-19W 
314-21W 
317-22W 
54 SE 36 17 24 220-S 
23.5-S 
56 WC 1.5 16 25 260-S 124 
260-S 
270-S 
57 SC 18 16 24 128 




61 SE 20 16 · 24 280-20S 
300-22W 






63 EC 19 · 16 23 · 310-21w 
300-23w 
64 NC 25 16 24 347-21W 360-w 146 ' 
330-20W 342-W 
335-21W · 5-W 
·275-18S 
345-19W 
352-1 ?W . 







Table 7 (Continued) 




























73 --- NW 10 16 24 272-S 
57-S 
·. 69-8 
74 NW 9 16 24 220-17s· 227-S 
221-23S . 242-3 
231-19S 219-s · 
7S SC 23 16 2.4 227-1zs 219-S 






Table 7 (Continued) 










80 WC 2.5 · 16 2.5 321-18W 271-S 
327-27W 282-S 
331-16W 274-s 
81 C 27 16 2.5 281-S 
292-S 
287-S 
82 SE J4 16 2.5 . 307-19W 340-W 
83 EC 4 1.5 2.5 281-S 
283-S 
242-S 
84 C 32 16 2.5 319-18W 
220-198 
327-31W 
8.5 SC ·31 16 24 295-27S 196-s 






8? SC .5 1.5 24 207-16S 262-S 198 
219-19S 
88 SE 3 16 26 347-31W 
326-19w 
J09-16W 






Table ? {Continued) 












9.3 WC 11 14'; 26 J11-16W 
291-228 
308-18W 










96 NW ·JO 1.5 25 297-19S 
2.56-17s 
231-22S 




99 WC 17 14 25 241-22S 
249-21S 
237-27S 
100 SC 8 14 25 242-19S 226 
239-27S 




Tabl~ 7 (Continued) 
102 WC 7 . 14 2.5 242-S 228 
249-S 
262-S 
103 WC 36 1.5 26 277-19S 20.5-S 
282-JOS 219-S 
252-21S 2.52-S 
291 ... 27s 
267-268 
262-23S 
104 C 29 1.5 25 291-JOS 
299-22S 
·277-27S 
105 EC 20 1.5 2.5 217-198 
202-218 
229-22S 










110 SW 6 1.5 2.5 312-21W 
312-19w 
286-22S 
· 294-19s 31 -23W 
.307-23W 
11.5 C 16· 1.5 26 2.51 
116 NW lO 1.5 26 2.52 
118 SE 27 16 26 271-19S 
321-17w 
297-16S 







Table 7 (Continued) 






1'21 NC ·31 16 24 261-19S 
260-19S 
272-1JS 



















128 SW 15 15 24 269 












131 NE 30 15 ·. 24 274 
Table 7 (Continued) 
87 

































.·137 SE 18 . 1.5 ·24 237-20S 240-S 284 












139 SW 8 1.5 24 261-238 220-S 
2i3-24S 219-S 




Table 8- Method of mineral identification for the cherts 
and limonite. 




Time constant- 2.0 
Rate- 500 cps 
Scan speed- 2° 29/ minute 
Angles- 20° 2G to 75° 29 
. Grinding- seven minutes in ball mill 
88 
Settings for the chert and limonite samples were 
the 'same except the limonite samples were started at 
10° 29 to observe any clay peaks that might be present. 
} . i 
,. I 11/ I 
.! n.. . 
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MAP OF WINSLOW FORMATION WITH 
GREENLAND SANDSTONE MEMBER 




BASE MAP FROM MADISON COUNTY HIGHWAY MAP, 1963 LARRY F. SANDLIN 1967 
